Study aim: Assessment of postural stability performed on an unstable stabilometry platform. Comparison of the results obtained by two groups consisting of elderly (OW) (60+ years old) and younger women (YW). Material and methods: Seventy-three female volunteers were divided into two groups: 40 young women (20.2 ± 1.75), and 32 elderly women (68.3 ± 7.43). Participants performed five stability tests on Biodex Balance System SD: three 20-second tries, the Postural Stability Test (PST) and the Fall Risk Test (FRT). Three stability indexes -overall (OSI), anterior-posterior (APSI), and medial-lateral (MLSI) -both with eyes open (EO) and closed (EC) were analyzed. The impact of vision on balance was calculated as EC-EO. Also effect size was calculated and evaluated. Results: All of the parameters differed significantly between groups in favour of YW. The largest difference in significance as well as effect size was noted for FRT, p < 0.001 and 1.86 respectively. Tries measure the impact of vision on balance (EC-EO). The results concerning tries with EC-EO showed the strongest discrimination between groups -OSI p = 0.0088 (relative difference 0.23 ± 0.26) and APSI p = 0.0268 (relative difference 0.17 ± 0.2). YW had a significantly better outcome. Conclusions: YW had better results in all of the parameters taken into consideration, with most of them being significant. This confirms that all of the regressive changes appearing with age influence balance. Lack of visual input (EC) in OW caused significantly worse results in most of the measured parameters, showing that vision is a very important factor for balance maintenance in the elderly.
Introduction
The human body is constantly trying to maintain equilibrium regarding balance in the upright position. Postural instability may be caused by inefficiency of each balance control component: vision, vestibular and proprioceptive information [4, 15] . Unfortunately, postural control decreases with age [4, 26] . The complex and diversified etiology of balance disorders causes many diagnostic and treatment difficulties. Improper work of control mechanisms responsible for maintaining balance in the older population results in functional limitations or disabilities, e.g. postural instability. The same symptoms may occur due to damaged receptors, improper nervous impulse conduction up to the central nervous system (CNS) as well as wrong impulse interpretation in the CNS or conduction down to the effectors. Additionally, in older persons, the reaction time is prolonged, which widens the margin of safety [5] . According to Nitz et al. [26] , anterior-posterior postural instability starts at 40 years old in women and worsens with age.
Maintaining balance on an unstable surface has a tremendous impact on preventing risk of fall in daily living. Falls in the elderly are becoming a very alarming social issue in the developed western countries such as Australia and the USA due to their increasing frequency in successive years. In 2004, the number of deaths due to unintentional falls was 41,000 and ten years later in 2013 it was almost 57,000. The 2013 data show that each year 2.5 million older people are treated in emergency departments due to fall injuries. Approximately 20% of accidental falls require medical attention, and 5% result in serious injuries, such as fractures [8, 17, 25, 31] .
Stabilometry is a widely used method of examining humans' stability [13, 23] . The platform on which the patients stand measures the centre of pressure (COP). Most of the stabilometry protocols use stable platforms which do not describe the complexity of the balance mechanism [9, 36] . The most important part of the definition states that balance is resistance against disruptions coming from both inside and outside of the body (environment changes) as well as the interaction of these two factors [4, 7] .
Examination performed on an unstable (moveable) platform seems to be a very important link in supplementing the analysis of balance and an attempt to understand its characteristics better [10, 27, 38] .
Based on aforementioned premises concerning both high prevalence of falls in the elderly population together with all negative health and social complications resulting from them, it seems important to reveal factors differentiating young and older women's balance. Once identified they can form a basis for further cause and effect considerations helping to create protocols for preventive interventions, attempting to resolve the issues mentioned above.
The aim of this study was to assess and compare postural stability of women over 60 and young women on an unstable platform.
Based on current knowledge the authors hypothesized the following: 1. Involutional changes occurring in the human body with age have a negative influence on postural stability. 2. Vision is one of the sensory inputs that play a crucial role in balance maintenance, and can compensate for other inputs' dysfunction. 3. Postural stability can be described and assessed better when using dynamic measurements in contrast to static.
Material and methods
Seventy-three female participants joined the study after oral informed consent was obtained. They were divided into two groups: older (OW) and young women (YW). All members of the OW group were attending PA classes within the University of the Third Age on a daily basis. The other group consisted of students from the Department of Rehabilitation who had organized PA classes in the course of their studies. Participation groups differed significantly from each other in the following respects: age, body height, body mass and body mass index (BMI). Participants' demographics are depicted in Table 1 .
All participants underwent a physical examination performed by a medical doctor specialized in geriatrics to exclude all possible contraindications influencing balance control. Exclusion criteria consisted of ECG disorders, cranial nerve dysfunction, dural signs, positive cerebellum tests, gait disorders (Romberg's sign, Unterberger's test, Babiński-Weil test, Fukuda test straight line walking test) and any medication that potentially could influence balance control. Participants could not compete in professional sport.
Participant's history and physical examination were conducted by a medical doctor. Also morphological characteristics (body height, body weight and body mass index -BMI) and postural stability were measured.
The latter was obtained by using a Biodex Balance System SD (BBS) (Biodex, USA) both with a stable and an unstable platform. The protocol consisted of five tests, which is depicted below in Figure 1 .
PST
PST emphasizes a patient's ability to maintain centre of balance. The patient's score on this test assesses deviations from centre; thus a lower score is more desirable than a higher score.
The PST was performed in three different ways: one with stable ground with eyes open (EO) and eyes closed (EC), second on unstable ground (level 4) with EO and biofeedback and the third attempt was performed on un unstable ground (level 8) with EC.
FRT
The FRT test allows identification of potential fall candidates. Test results are compared to age-dependent normative data (provided by the manufacturer; also the authors possessed their own normative data from previous research on a Polish population). Scores higher than normative values suggest further assessment for lower extremity strength, proprioception, and vestibular or visual deficiencies. In the FRT the platform's instability changed from level 6 to 2 (less to more unstable).
All BBS tests have been described in more detail elsewhere [38] . Figure 1 presents the examination protocol. The authors proposed a ratio of differences between the EC and EO. Biodex Balance System SD (BBS) is made of a platform, which can work in two modes -stable and unstable (12 levels of movement). Medical System Biodex, Inc. (v. 1.3.4) software allows one to measure the angulation in each of the main axes (x,y,z), also creating three stability indexes (SI): overall (OSI), anterior-posterior (APSI) and medial-lateral (MLSI). Higher values represent more sway, which indicates balance control impairments.
The protocol consisted of five tests: three 20-second attempts with a 10-second break in between, the Postural Stability Test (PST) and the Fall Risk Test (FRT). The PST was performed in three different ways: one with stable ground with eyes open (EO) and eyes closed (EC), second on unstable ground (level 4) with EO and biofeedback and the third attempt was performed on un unstable ground (level 8) with EC. In the FRT the platform's instability changed from level 6 to 2 (less to more unstable).
All data were analyzed with Statistica (v. 10) software. The parameters were analyzed using the Shapiro-Wilk test and ANOVA. Tukey's (honestly significant difference, HSD) post hoc test was performed with the significance level at α=0.05. Effect size was estimated using Cohen's d, where higher values indicate a stronger effect between variables.
The study was approved by the Ethics Committee at Józef Piłsudski University of Physical Education in Warsaw.
Results
The results represent values for SI from the PST and FRT performed with EO and EC. All of the parameters differed significantly. The YW group had better results than OW in all of the measurements for mean values and standard deviation ( Table 2 ).
The largest difference in significance was noted for the FRT (p < 0.001), where the platform was free to move gradually from level 6 to 2 (more to less stable).
The effect size, which is the quantitative measure of the strength of each parameter, was the highest for FRT again (1.86). It is also confirmed by low values of the coefficient of variation, which is a measure of results' dispersion. Higher dispersion of values can be observed in all tries in OW. EO tries brought even higher results, whereas CV was quite similar between groups and values were moderate when EC testing was involved. The smallest differences were noted for MLSI EC (0.58) -the parameter was still significantly different between groups.
Both groups had the same increase in values (4-5 times) when comparing indexes from tests with EO and EC. The numbers themselves were greatly different, but the ratio remained quite similar.
When comparing the ratio of differences between the EC and EO with stability indexes (OSI, APSI and MLSI) between the groups, significance was found only in two -OSI OW 1.99 ± 1.26, YW 1.37 ± 0.70 (p = 0.0088, relative difference 0.23 ± 0.26) and APSI OW 0.97 ± 0.67, YW 1.48 ± 1.24 (p = 0.0268, relative difference 0.17 ± 0.2). The last parameter MLSI (OW 1.09 ± 0.84 and YW 0.77 ± 0.58) was close to significance (p = 0.056). This proves a strong discrepancy between young and older women when vision is the considered variable.
Larger differences can be seen in all of the attempts with eyes closed. This fact is emphasized by the results of the effect size. Here, special attention should be paid to the difference between eyes closed and eyes open (a value obtained by subtracting results from EC and EO attempts) where OSI and APSI changed significantly between groups (Figure 2 ). This parameter may be very useful, especially when the elderly group's results are concerned, since it estimates the influence of vision. 
Discussion
Postural stability decreases with age -this has been conclusively demonstrated by many researchers [8, 15, 24, 34] . The authors hypothesized that this process is due to involutional changes occurring in the human body with age. The main factors responsible for this are as follows: decreases in muscle mass and strength, which are caused by changes in the nervous system and muscles themselves due to decreased participation in physical activity [6, 18, 30] . Such factors as vision, vestibular, loss of peripheral sensation, and decrease in reaction time were noted too [21, 37] .
The results showed significant differences in all of the postural stability parameters between young and elderly women. Considering all the age-related factors that influence balance, the results support findings presented by others [34] .
Postural stability has become a very popular subject in recent years. The main reason is the possibility to predict balance impairments which can lead to falls, especially in the elderly [16, 24, 34] . Due to a consistent increase of falls, researchers started to identify factors that influence balance as well as seeking interventions improving postural stability [10] . All such preventive actions could decrease the cost of medical care [11, 35] .
Weirich et al. divided women in their research into three age categories (young, middle-aged and late middleaged) and proved that postural stability worsens with age -especially when the examination consisted of dynamic tries. They identified several predictors of falls and noted that correlations between them and balance control were easier to anticipate as age increased [36] .
Although the methodology of that study was different, the same phenomenon was observed in this study, where YW results were better compared with OW in all examined tries, namely the OSI, APSI, and MLSI with both EO and EC as well as the FRT.
Darwesh et al. compared stability in two groups (young and older) using the BBS. They concluded that regarding the stability indexes the results were significantly higher in the older group. Since the authors used the same technology for measurements (BBS) as ours, the results could be compared directly. That is for OSI YW 0.75 ± 0.35 and OW 1.17 ± 0.35 (p < 0.002), APSI YW 0.81 ± 0.3 and OW 1.48 ± 0.35 (p < 0.001) and finally MLSI YW 1.13 ± 0.47 and OW 1.7 ± 0.48 (p < 0.0009) with the last test not being significant. The absolute values reported by Darwesh et al. are higher for both groups than in the current study, although the protocols were similar. The only difference noted was the resting time -one minute sitting in the study by Darwesh et al. versus 15 seconds standing on the platform in the current study. The rest of the parameters were the same, i.e. stability level of the platform set at 8 (most stable), eyes open, 3 attempts, 20 seconds each [10] . Their explanation for this phenomenon was that an increased effort was required to keep balance in the older group. Other authors who came to similar conclusions provided different reasoning: decreased scores of the Berg scale, increased lower extremity muscle contraction while standing, profound ankle muscular co-activation, specific motor and sensory deficits such as weakness of lower limb muscles, peripheral hypoesthesia, visual impairment and decreased reaction time [3, 14, 19, 21] .
All cited studies positively confirmed the hypothesis, by showing better results in the younger groups. The main causes led towards structural and functional changes The second hypothesis stated that visual input is most important for balance maintenance together with its compensatory capabilities compared to other sensory input systems.
As mentioned before, balance and posture are regulated by various multi-sensory processes. According to Peterka et al., the contribution of the main systems is as follows -somatosensory (70%), vestibular (20%), vision (10%). This applies to healthy people in a well-lit environment, standing on a solid surface. When the conditions change to an unstable surface, vestibular and visual system inputs increase at the cost of somatosensory input [27] . This statement is reflected in the current results. Basically both groups showed 4-5 times higher values in EC tries, compared to EO, for instance OSI for OW with EO 0.57 ± 0.42 vs. EC 2.56 ± 1.15 or YW with EO 0.34 ± 0.16 vs. EC 1.72 ± 0.69.
Others state that about 80% of our sensory perception information is collected by the visual system. It is used for recognising, analysing and choosing the correct strategy for maintaining balance in the upright position. If one of the subsystems reduces its influence on balance, others compensate for that loss. In the case of visual disturbance the vestibular system is the first one to do so [12, 29] .
The literature shows disagreement regarding the role of vision. Researchers tried to resolve this matter based on studies with blinded subjects as participants. Some studies show that blind subjects can maintain equilibrium better than sighted subjects [28] .
Schmidt et al. compared the results of congenitally blinded and sighted subjects. Their study led to the conclusion that blind subjects, regardless of EO or EC, behaved the same way as sighted subjects with EC and the strategies for maintaining balance were similar [29] .
The preceding conclusions emphasized the role of vision in balance maintenance. As people age, the loss of vision is significant, resulting in an increase of falls in many cases [20, 34] . This may be a crucial factor for explaining the balance test results getting worse in the elderly in general, as well as in the current study.
Despite the contradictory results cited at the beginning of this section, most researchers emphasized the importance of vision in equilibrium, especially when other sources of necessary information are compromised. These statements are in agreement with the authors' hypothesis.
Maintaining balance in dynamic conditions requires more balance control involvement (vision, vestibular and somatosensory); thus, it is more relevant in exposing postural stability impairments or deficiencies and their relation to risk of falls [27, 38] . Turbański et al. performed a six-week somatosensory-exercise programme using unstable shoe constructions, and compared the results from both static and dynamic platforms. They found that with dynamic training, in one of the experimental groups (out of two) dynamic measurements were significant, while the results from a static platform remained unchanged in both groups [12] .
Stemplewski et al. conducted a study where participants were asked to stand still and relaxed under two conditions -a stable and unstable base of support [31] . Nominal differences between mean values of particular parameters were as follows: general stabilometry parameters 114.9%, ML direction parameters 62.8% and AP direction parameters 93.9%, which gives 90.5% as the average value between unstable and stable ground. Comparison of parameters in varied conditions showed higher values of general stabilometry parameters (p < 0.001) as well as ML and AP (at least p < 0.01) in unstable conditions (excluding one of the tested parameter in ML). The authors state that the risk of falls increases almost two-fold under unstable conditions. The examined population was in good general health, so the values might be even higher if the study were cross-sectional.
The above-mentioned results support the hypothesized superiority and importance of dynamic measurements over stable conditions. The authors emphasize its ability to act as an early predictor of falls due to its accuracy in the medio-lateral plane, which will be discussed later in more detail.
When it comes to comparing SI, their role and importance in measuring subject's stability, the literature includes very diverse statements. The authors dispute which of the three (OSI, APSI, MLSI) are the most suitable for stability analysis.
Aydog et al. examined the reliability of the BBS indices in visually impaired athletes. The APSI and OSI were more reliable than others. The MLSI was not highly reliable, but only fairly reliable. The main conclusion emphasized the OSI as the best indicator for overall stability [1] . Contrary to the outcomes mentioned above, Baloh et al. stated that ML results are better predictors of balance impairments than AP indices [2] . Also the oldest group participating in the research revealed the strongest correlations between stability parameters.
MLSI is considered the most important parameter in balance maintenance. There is an evident tendency for balance control in this plane to become more problematic with increasing age [33] . This phenomenon, with borderline significance (p = 0.056), can also be observed in the current study, where differences of MLSI for OW and YW were greater (0.25 ± 0.2 vs. 0.16 ± 0.09 for EO and 1.34 ± 0.85 vs. 0.93 ± 0.56 for EC respectively for OW vs. YW), regardless of EC/EO. Lack of visual input emphasized it even more in OW, as discussed earlier.
Based on results from the current study and data provided by others, one can conclude that postural balance control is a complex and a complicated mechanism controlled by different variables [7] . In summary, dynamic examination protocols seem to be more adequate for daily living activities which are based on constant adjustment to a changeable environment. Perhaps dynamic tries can reveal balance deficiencies sooner than static testing. The most demanding tries among dynamic protocols are the ones where the level of instability changes within the same try. The Fall Risk Test (FRT) differentiates participants the most.
As the Fall Risk Test puts more demand on the vestibular system, it may be considered as more sensitive than other tests in predicting balance disorders. Potentially FRT can be used as a screening tool for early stages of balance disorders.
The authors found a number of limitations of their study. Both groups were physically active on a daily basis. OW members were students of the University of the Third Age, so it can be assumed that they are more active, both physically and socially, than the average peer from assisted living facilities for instance. This also applies to the YW, who were students at the University of Physical Education, where they take part in many PA classes during the course of studies. Taking these two facts into consideration, the results from this study should not be generalized to the whole population.
Future studies should compare stability indexes of active and inactive (sedentary) older persons. Possibly this would reveal the influence of PA on balance, which is crucial for wellbeing.
Conclusions
1. YW had better results in all of the parameters taken into consideration, with most of them being significant. This confirms that all of the regressive changes appearing with age influence balance.
Lack of visual input (EC) in OW caused significantly
worse results in most of the measured parameters, showing that vision is a very important factor for balance maintenance in the elderly. 3. Effect size is a good supplementary factor to other statistical tools. It emphasizes the strength of the phenomenon taking place.
